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Abstract

Adverse weather conditions and intensive use for fiber production have caused decline of natural
populations of Agave lechuguilla. By these reasons, it is important to develop a sustainable man-
agement of this specie to avoid this situation. One of the first steps is to establish forest planta-
tions as an alternative to restore A. lechuguilla habitat and increase its range while at the same
time indirectly reducing erosion rates. The aim of this study was to identify the potential areas for
establishment of plantations of A. lechuguilla in the State of Coahuila, Mexico. Areas for planting
establishment were selected according to multi-criteria analysis using Geographic Information
System (GIS) Idrisi32 Ver 2.0 and 3.2 Arc.View. The analysis was based on comparison of climate
and soil requirements in contrast to environmental conditions of the tested area. The evaluated
variables were: soil type, texture, depth, average annual temperature, annual precipitation, eleva-
tion and slope. Results derive in potential area maps, geo-referenced and their distribution by
Agricultural Development District. An area of 5 million 159,273 hectares was determined with
potential for establishment of A. lechuguilla forest plantations in the State of Coahuila. It was con-
cluded that, use of GIS is a reliable tool to determine potential areas for A. lechuguilla forest plan-
tations, where this specie has higher probability of success in survival and biomass production.
This study will support programs aimed to strengthen the economy of rural producers and also
recover and preserve the arid state.
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1. Introduction

Natural fibers of Lechuguilla (Agave lechuguilla Torr.) are one of the most produced fibers around the world.
This specie is a native succulent plant, distributed in arid and semi-arid areas of the Southern part of United
States of America and Northern part of Mexico (Castillo et al., 2011). In Mexico, A. lechuguilla is distributed in
the Coahuila, Chihuahua, Nuevo Leon, Durango, San Luis Potosi, Tamaulipas and Zacatecas States (Nobel &
Quero, 1986; Berlanga, 1991) and to lesser range in the center and south of the country (Marroquin et al., 1981).
However, the main producing states of A. lechuguilla fiber are Coahuila, Tamaulipas, Nuevo Leon, Zacatecas
and San Luis Potosi. The lechuguilla fiber with higher commercial quality and value is obtained from the
growth bud, called “cogollo”. This is formed by gentle leaves, grouped in the center, which contains lesser lig-
nin than the lateral leaves (Castillo et al., 2005). For habitants of arid and semi-arid areas of Mexico, harvesting
of lechuguilla fiber has great socioeconomic impact and for generations it has been a subsistence activity (Ber-
langa et al., 1992; Pando et al., 2004; Castillo et al., 2008). The 93% of the national production of lechuguilla
fiber is exported, generating a source of foreign exchange for the country. Because of this, Mexico is the only
exporting country. Between 2003 and 2007 sales for $350,000 dollars were recorded (SEMARNAT, 2010; Cas-
tillo et al., 2011). The fiber has application in the manufacture of brushes for various uses (Castillo et al., 2005).

In arid and semi-arid regions of the Coahuila State, agricultural soils have been used without previous studies
where its potential uses and environment impact by different uses are determined. Use of land through agricul-
ture, livestock and forestry is performed on an inadequate way, which has resulted in environmental degradation,
an inefficient exploitation commercial and loss of natural resources, mainly soil and water. On the other hand,
productive potential of crops such as corn and beans is low, mainly because of limited availability of water and
soil degradation due to erosive action of natural factors and the human actions. Like many plant species from
arid and semiarid regions of Mexico, lechuguilla has been subjected to excessive and irrational harvesting which
has caused decline of natural populations, to the extent that, it is increasingly difficult to obtain raw material for
fiber production. In addition, a decline in lechuguilla ecosystem has been observed which obligates to look for a
sustainable production, involving methodologies from evaluation and management under natural conditions un-
til domestication through techniques for establishment and agronomic management of commercial plantations
(Velasco et al., 2009, Pando-Moreno et al., 2008, Castillo et al., 2008, Berlanga et al., 1991 and Berlanga et al.,
1992). A key aspect that has been little considered and should be taken into account if results of this technology
want to be maximized, is the agroecological aspect; the detailed factors of the physical environment which de-
termine the species production potential, according to their physiological and morphological characteristics at
the environment where it can be more productive. Therefore, these characteristics can be identified through
technology applications for future plantings. This will allow high yields and a sustainable development. Based
on the above, the aim of this study was to determine potential areas with high productive potential for estab-
lishment of commercial plantations of A. lechuguilla in the State of Coahuila, Mexico, based on attributes of
each of the agro-weather factors that influence A. lechuguilla production.

2. Materials and Methods
2.1. Study Area

Arid and semiarid regions of Coahuila State were chosen to perform this study. This State is located in nor-
theastern part of Mexico, between 24°32' and 29°53' North Latitude (LN) and 99°51' and 103°68' West Longi-
tude (LW). Coahuila is the third largest state in the country with an area of 151,562 km2 (INEGI, 2013), bor-
dered in north by the United States of America, to the west by the State of Chihuahua, to the south with Zacate-
cas and San Luis Potosi, to the west and east with Durango and Nuevo Leon respectively (Figure 1).

Subdivision of the Study Area

Coahuila State is divided in 38 counties, which for this study purposes was subdivided into five regions based on
the five regions of agricultural production, according to the regionalization by Secretary of Agriculture and Ru-
ral Development, Fisheries and Food (SAGARPA) which divides the State into five Rural Development Dis-

tricts (Table 1).
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Figure 1. Geographical location of the study area in Coahuila, Mexico.

Table 1. Rural development districts and counties, according to the Ministry of Agriculture and Rural Development

(SAGARPA).
District Rural Development Municipalities
DDR 001 Acufia, Allende, Hidalgo, Jiménez, Nava, Piedras Negras, Morelos, Guerrero, Zaragoza and Villa Uni6n.
DDR 002 Juérez, Mlzquiz, Progreso, Sabinas and San Juan de Sabinas.
DDR 003 Cuatro Ciénegas, Sierra Mojada, Ocampo, Candela, Monclova, Escobedo, Frontera, Abasolo, Castafios,
Lamadrid, Nadadores, Sacramento and San Buenaventura.
DDR 004 Arteaga, General Cepeda, Parras de la Fuente, Ramos Arizpe and Saltillo.
DDR 005 Matamoros, Francisco |. Madero, San Pedro, Torredn and Viesca.

2.2. Selection Criteria for Determining Potential Area for Agave lechuguilla Torr.
Establishment

The criteria considered relevant to A. lechuguilla growth involved climatic, soil and topography aspects. These
criteria were obtained through literature reviewing, particularly the work done by Eguiarte & Silva 2001; Reyes
et al., 2000; Gentry, 1985; Nobel & Quero, 1986; Sheldon, 1980 and the research results by the National Insti-
tute of Forestry, Agriculture and Livestock (INIFAP) (Martinez et al., 2011; Martinez et al., 2010; Castillo et al.,
2011; Castillo et al., 2008; Velasco et al., 2009; Narcia et al., 2012; Martinez & Lara, 2003; Berlanga et al., 1991;
Berlanga et al., 1992; Marroquin et al., 1981; Zapién, 1981). The minimum requirements established for determin-
ing the geographic areas with potential for planting and production of A. lechuguilla Torrare shown in Table 2.

2.3. Determination of the Production Potential

Weather parameters for identification of potential areas for the A. lechuguilla commercial plantations establish-
ment consisted of a multi-criteria analysis conducted by the Geographic Information System (GIS) Idrisi 32 Ver
2.0 (Eastman, 1999). This analysis was based on comparison of climate and soil requirements of A. lechuguilla
against environmental conditions of the study area according to the methodology proposed by Medina et al.,
(1997). The climatic parameters were obtained from the Climate Information System of the National Institute of
Agricultural and Forestry Research (INIFAP), which come from a process of collection, management, analysis
and interpretation of data on a daily base from maximum and minimum temperature, precipitation and evapora-
tion, corresponding to meteorology station of ordinary type belonging to the network of stations of the National

)
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Table 2. Environmental requirements considered to assess areas potentially suitable for establishment of plantations of
Agave lechuguilla Torr. in Coahuila.

Altitude m. s. n. m Precipitation mm Temperature °C Slope % Soil Texture
950 - 1990 200 - 500 16 - 26 4-20 Media and course

Water Commission in Coahuila (CONAGUA). In addition, edaphic information, land use and topographic con-
ditions were obtained from the cartography from National Institute of Statistics, Geography and Informatics
(INEGI) at scale of 1:250,000. Identification and mapping of potential area derived from multi-criteria analysis
was performed using Arc View GIS 3.2 software (ESRI, 1999). Starting from the thematic images produced by
variable, was generated the cartography of each variable by exporting the images and converting them to vector
by format “Shapefile”, which were edited to obtain the general maps with potential areas and the number of
hectares that they represented. Distribution of potential areas for forest plantations of A. lechuguilla in Coahuila
was based on the regionalization made by Secretariat of Agriculture, Livestock and Rural Development, Fishe-
ries and Food (SAGARPA) which divide the State into five Districts of Rural Development (Table 1).

2.4. Validation of Potential Areas

Field visits were performance to verify the specific points with potential for artificial establishment of the spe-
cies under study, in order to check the proper ecological conditions for A. Lechuguilla growth and therefore, for
establishment of plantations.

3. Results and Discussion

Combination of physical environment factors n the GIS software allowed generating aps with eo-referenced po-
tential areas. Based on previously developed databases of climate, soil and topographic factors, the study al-
lowed differentiating areas with similar environments characteristics in which A. lechuguilla could have better
growth. In a first step, each of these physical factors was analyzed independently to determine its spatial distri-
bution within the ranges required by A. lechuguilla. From binary map were indicating areas that are or are not
within these ranges of lechuguilla growth. In this step, the combining factors and overlaying different maps re-
sulted in binary maps on which it relied to quantify the potential surface for each of the Districts of State Rural
Development.

Area with Potential for Commercial Planting of Agave lechuguilla Torr. in Coahuila

An area of 5159273.59 hectares with potential for plantations of A. lechuguilla was estimated. The district with
the greatest potential area for plantation establishment was DDR 003 with a total superficial from 3029096.74 ha,
followed by DDR 004 with 1074831.11 ha. At the county level, Ocampo stands out with a higher recording of
surface potential with 1434878.11 ha, and the lowest record was the Frontera county with a surface with only
30.83 ha. Full results are shown in Table 3 and their geographical distribution is presented by District Rural
Development in Figure 2.

According to the obtained results, over a third part of the State surface has agroclimatic characteristics re-
quired to produce A. lechuguilla with high potential, mainly in the western, central and south regions of the State,
which is related to agro-climatic conditions of arid and semiarid ecosystems. Martinez et al., 2010; Martinez &
Lara (2003), and Nobel & Quero, (1986) mentions that A. lechuguilla inhabits sites with a range of rainfall be-
tween 200 - 500 mm, whose average value is not more than 300 mm, another important factor is altitude above
sea level which should ranges between 950 and 2300 meters, however the optimal conditions for establishment
of plantations of A. lechuguilla ranging from 950 to 1990. In additions, this plant requires over 200 mm rainfall
and average annual temperature ranges from 17°C to 26°C with 30°C as maximum and 10°C as a minimum,
grows in shallow soils, stony ridges or, well, flat stony soils with good drainage conditions without salinity
problems. It can be said that, few factors restricting the potential area of A. lechuguilla, perhaps altitude above
sea level is the most extensively discriminate though; problems of low slope and soil salinity also take into
greatly limiting its effect. The obtained results agree with those reported by Gentry, 1985 who said that the nat-
ural distribution of A. lechuguilla is located in the western and southeastern parts of the State.

)
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Table 3. Area of potential sites (ha) suitable for forest plantations of Agave lechuguilla Torr. in the Coahuila counties.

District Rural Development Counties Area (ha)
Acufia 130611.13
DDR 001 Zaragoza 4124459
Muzquiz 96636.10
DDR 002 Progreso 1643.28
Abasolo 2254.44
Candela 10148.21
Castafios 116511.41
Cuatro Ciénegas 536734.36
Escobedo 497.96
Frontera 30.83
DDR 003 Lamadrid 36520.78
Monclova 19235.632
Nadadores 6735.56
Ocampo 1434878.11
Sacramento 6982.47
San Buenaventura 245914.71
Sierra Mojada 612652.27
Arteaga 4054.78
General Cepeda 177159.26
DDR 004 Parras de la Fuente 564744.56
Ramos Arizpe 308099.46
Saltillo 20773.05
Francisco |. Madero 134734.03
Matamoros 23022.57
DDR 005 San Pedro 274558.36
Torreén 60364.93
Viesca 292530.75
TOTAL 5159273.73

104°0'0"W  103°0'0"W  102°0°0"W  101°0'0"W  100°0°0"W

= e
e °
[ E-J
g $
=3 (=3
el ~
F z
° o
) )
5 5
& &
& «
z z
o °
o °
5 s
& %
& S
z £
e °
o o
s §
~ ~
~ «
=z z
o 2
S °
b s
o ©
~ ~
z z
o o
o °
§ b
i io
« «

104°00"W 103°0'0"W 102°0'0"W 101°0'0"W 100°0'0"W

Figure 2. Areas with potential for establishment of forest plan-
tations of lechuguilla (Agave lechuguilla Torr.) in Coahuila.
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4. Conclusion

We identified 5,159,273 hectares in the state of Coahuila that have favorable conditions for the establishment of
A. lechuguilla, where the Rural Development District 003 has the largest area with potential for establishment of
A. lechuguilla. This study will support programs aimed to strengthen the economy of rural producers in arid and
semi-arid areas of the Coahuila State and also to recover and conserve natural populations and reduce erosion
problems.
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